We demonstrate that framing, a subjective aspect of news, is a causal precursor to both significant public perception changes, and to federal legislation. We posit, counter-intuitively, that topic news volume and mean article similarity increase and decrease together. We show that specific features of news, such as publishing volume , are predictive of both sustained public attention, measured by annual Google trend data, and federal legislation. We observe that public attention changes are driven primarily by periods of high news volume and mean similarity, which we call prenatal periods. Finally, we demonstrate that framing during prenatal periods may be characterized by high-utility news keywords.
Our work enhances existing understanding by explicitly modeling the Granger causal (7) link between specific news characteristics, public opinion, and federal legislation. Firstly, we demonstrate a direct predictive relationship between news characteristics and federal legislation, independently of public opinion changes. Secondly, we show that the public reacts predictably to high-volume, high-similarity news periods, but does not otherwise react. We note that King et al.'s (6) approach artificially created such news conditions for short time periods and reader subsets.
Thirdly, news reporting in general introduces subjective biases, collectively referred to as framing (8) . Whereas news publishing is ordinarily event driven, we demonstrate that high volume and similarity news periods can occur spontaneously, without event-based drivers, as a Granger causal effect of news framing. Consistent with our result on prenatal periods, such periods brought about by framing are equally influential in predicting public approval (the fraction of the public that approves or disapproves of a particular position) and legislation. This finding demonstrates that news framing is as influential as the actual events and facts that the news reports on.
We also demonstrate that news publishing volume within a specific domain is a reliable long-term predictor of public attention (the number of people who demonstrated interest in a domain by conducting an Internet search), measured annually using Google Trend data.
The causal flow we discovered is depicted in Fig 1. We confirmed each link using a directional Granger causality test, which evaluates the influence of a causal time series on a dependent one. Our choice of Granger causality over a structural model was deliberate, since we wished to infer rather than assume structure and direction. The Granger Our approach is similar in spirit to King et al. (6) , but yields several novel results. We show that news is a Granger causal precursor to legislation. Our analysis applies to a larger population than the outlets used in (6) , since the NYT and Guardian enjoy wide circulation and readership.
We measure public perception annually rather than over a period of weeks, as King et al. do. We distinguish between fact-based reporting and framing, and demonstrate that framing in itself is a causal predictor of public attention and legislation.
We used a set of online news Application Programming Interfaces (APIs), including the New York Times (9) and the Guardian (10) to create our news datasets. We began with an initial keyword search for articles in each domain of interest, and then applied multiple rounds of supervised classification to weed out irrelevant articles, resulting in a dataset with a median precision of 0.93 and a median per domain inter-rater agreement index (Kappa) (11) of 0.87.
Our classification relied on ground truth data obtained from multiple raters, employing a scheme whereby an article was considered as belonging to a domain if and only if the article could not have been published with the domain component removed. While we did not directly measure recall, since news publications have a strong incentive to broadly cover events, and because the NYT and the Guardian have the largest and fifth largest circulations in America and the world respectively, we expect that our datasets have high recall.
Our observations stem from a remarkable pattern that holds across nearly a hundred thousand articles from about fifty domains. In each domain, the number of news articles published in a certain year varies directly with mean corpus similarity, with significant Granger causal Fmeasures in both directions. This finding is surprising, since one would expect a larger volume of articles to discuss a larger variety of subjects. Instead, we found that domain news publishing volume is mainly event driven, and events increase not only the mean similarity of the corpus but also its volume, for example, the number of Surveillance articles increased by 220% in 2013, with 93% of the total being primarily about Snowden. It is well known that news is event driven, however, the discovery of a causal relationship between article volume and mean corpus similarity is a novel finding of our work. In order to estimate mean similarity, we generate all n 2 pairs of articles from a corpus of size n, and use their average cosine distance (12) in Doc2Vec (13) space as our similarity metric.
Thence, we posit the idea of a prenatal period of domain news, which is characterized by simultaneously high article volume and mean similarity. We studied public reaction to news and found that causal changes in public attention and approval occurred only after such periods, establishing a prenatal period as the necessary and sufficient condition for such changes. Fig. 3 illustrates a prenatal period of the Surveillance domain.
To establish the causal effect of news on legislation, we considered all federal legislation enacted beginning from the 101 st United States Congress until the (present) 116 th Congress.
Our choice was motivated by the fact that our APIs provide access to data beginning in 1991.
Approximately 42% of legislation was foreshadowed by a prenatal domain news period. Note that while we do not claim prenatal news periods to be a necessary condition for legislation, we found that the probability of legislation succeeding a prenatal period was causally significant. an inverse relationship between framing negativity and public approval, as framing changed from one emphasizing morality to the current-day focus on equal rights.
Finally, we contribute the notion of framing concentration, measured by entropic news keywords. We use entropy between temporally disparate news corpora to rank individual n-grams for their utility in distinguishing the later corpus from the earlier one. Entropic keywords therefore represent the "state" or "concentration" of news at a given time. We use the number of keywords required to attain 97% of dataset entropy (corresponding to three standard deviations of a normal distribution) to represent framing concentration. 
